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This invention relates to a continuous method 

for making plastic tubes and ?lm, and particu 
larly to a method whereby fully oriented tubing 
and ?lm may be made from normally crystalline 
vinylidene chloride polymers. This application is 
a continuation-in-part of my application Serial 
No. 493,229 ?led July 2, 1943, now abandoned, 
which was in turn a continuation-in-part of my 
earlier application Serial No. 394,061, ?led May 
19, 1941, now abandoned. 
Many plastics and polymers are amorphous 

when examined macroscopically, microscopically, 
or by X-ray methods. Although such amorphous 
plastics and polymers can be fabricated to pro 
duce useful articles, it is not usually possible 
to cold~work them to increase their strength to 
any marked degree. This is in contrast with cer 
tain polymers, such as the polymer of vinylidene 
chloride alone and many of its copolymers where 
in vinylidene chloride predominates, herein re 
ferred to as "normally crystalline vinylidene 
chloride polymers,” which are submicroscopically 
crystalline as shown by X-ray di?raction pat 
terns, and which may be supercooled without 
substantial crystallization and cold-worked at 
ordinary room temperatures to increase their 
strength. When for example, the polymer of 
vinylidene chloride, or one of its copolymers or 
plastic compositions which is normally crystal 
line to the X-ray, is heated to above its fusion 
temperature and then chilled rapidly it is ob 
tained as a soft, ?exible but temporarily non 
crystalline solid and is said to be supercooled. In 
such condition it has relatively little strength but 
it may be plastically deformed or cold-worked at 
or near room temperature and its strength great 
1y increased by any of several cold-working op-L 
erations as is disclosed by Wiley in U. S. Patent 
No. 2,183,602. When the supercooled material, 
e. g. in ?lament or ?lm form, is cold-worked by 
simple uni-directional stretching, the ‘stretched 
article is again crystalline and has very high 
strength in the direction of stretching. X-ray 
examination shows it to have preferential orien 
tation in the same direction. 
Such uni-directionally oriented articles are, 

however, relatively weak in a direction trans 
verse to the direction of their orientation and, 
in the case of ?lms which have beenstretched 
in one direction only, are subject to splitting or 
?bering when under stress transverse to the di 
rection of orientation. In cases where it is pos 
sible to cold-work the supercooled material by 
multi-directional stretching, e, g. by stretching 
in directions at right angles to each other, more 
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nearly uniform strength in all directions is ob 
tained. X-ray examination of articles which 
have been stretched multi-directionally shows 
them to have a fully oriented crystalline struc 
ture. Such multi-directional stretching is, how 
ever, usually di?icult to carry out on most shaped 
articles. Although it is common practice to form 
?lms of noncrystalline polymers by slitting tubes 
longitudinally, it has heretofore been possible to 
cold-work tubes made of a normally crystalline 
polymer in one direction only, i. e. longitudinally, 
and consequently ?lms obtained by slitting such 
tubes have invariably been weak in one direc 
tion. ' 

It is, accordingly, an object of the present in 
vention to provide a method whereby thin tubes 
of ?lm-like thickness of normally crystalline 
vinylidene chloride polymer may be produced 
having a high strength both longitudinally and 
transversely. An additional object is to provide a 
continuous method whereby multi-directionally ‘ 
stretched tubes may be made from a normally 
crystalline vinylidene chloride polymer, Other 
and related objects will become apparent as the 

' description of the invention proceeds. 
In practicing the invention a tube of fused, 

_ normally crystalline vinylidene chloride polymer 

30 

40 

45 

50 

55 

is extruded continuously from a die head and 
withdrawn from the die ori?ce through a cool 
ing bath wherein it is supercooled. The diam 
eter of the supercooled tube and the thickness 
of its walls may be controlled by maintaining a 
predetermined and substantially constant head 
of liquid within the tube during cooling and by 
regulating the rate .of withdrawal of the tube 
from the die ori?ce. The supercooled tube is 
passed between two separate pairs of pinch rolls, 
each pair of which forwards the tube and pinches 
its walls‘ ?rmly together. A gas is maintained in 
the section of the tube between the two pairs of 
pinch rolls in amount su?icient to distend the 
section over a, portion of its length to form an 
elongated bubble and thus to cold-stretch the 
supercooled tube radially and longitudinally, but 
insu?icient to burst it. The wall of the tube is 
thus cold-stretched in a direction parallel to the 
longitudinal axis of the tube and simultaneously 
in a direction at right angles thereto. The sec 
ond of the two pairs of rolls is run at a periph 
eral speed enough greater than that of the ?rst 
pair to take up most of the slack in the section 
of tube between the two pairs of rolls and, if de 
sired, they may even be run enough faster to in 
crease the amount of longitudinal cold-stretch 
ing of the tube over that caused by the gas main 
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tained within the tube. The cold-stretched ?at 
tened‘ tube may be wound on a reel for further 
utilization or it may be slit lengthwise or the 
?attened-edges may be trimmed from it to form 
a ?lm. , i. . 

The mum-directionally stretched tube pro 
duced by the method of the invention is charac 
terized by several advantageous features when 
compared with tubes made from normally crys 
talline vinylidene chloride polymers by hitherto 
known methods. Thus, due to the orientation of 
the crystallites of the polymer in more than one 
direction, the tube ‘is strong not only along the 
longitudinal axis but also transversely thereto 
and as a result it has a higher bursting strength ‘ 
than it has heretofore been possible to obtain. 
When the tube is slit there is obtained a ?lm of ‘ 
substantially uniform thickness having a high 
strength in all directions rather than in one di 
rection only. 

Reference is made to the accompanying draw 

4 . 
ori?ce. Other ways of conducting the tube 
through the cooling bath are apparent, one such 
way being illustrated in Fig. 2 wherein the ex 
truded tube I3 is drawn downwardly through the 
bath and through a series of spaced rolls 29 driven 
as by a chain 28. ' _ ' 

As the tube is drawn through the cooling bath 
a- ‘liquid l9, inert to the polymer and suitably 
a mineral oil or other lubricant which will pre 
vent the walls of the tube from sticking together 
when the tube is pressed ?at, is fed through a 
duct I‘! in the die head into the newly formed tube 
and maintained therein at a substantially con 
stant head with respect to the level of the cooling 
fluid H. The speci?c gravity of the lubricating 
liquid is is preferably near that of the water or 

‘ other liquid in the cooling bath It. When it is 
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ing in which in the interest of clarity certain ' 
features are shown on 
scale. 
In the said drawing, - 
Fig. 1 is an elevation, in partial section, of an 

apparatus for carrying out the invention; 
Fig. 2 is a similar elevation of a modi?cation 

of the apparatus illustrated in Fig. 1; - 
i Fig. 3 is a plan view of the apparatus of Fig. 1; 
and 

Fig. 4 is an elevation of another modi?cation 
of the‘apparatus in operation. " , 

Referring now to Fig. l, a fused, normally crys 
talline, vinylidene chloride polymer is extruded 
through a ring die ori?ce l2 in a die head II 
to form a soft plastic tube l3. The die head is 

a somewhat exaggerated 

positioned to extrude the tube downwardly into 
a cooling bath l4 maintained at a temperature 
within the range wherein the extruded tube is 
quickly chilled and supercooled without substan 
tial crystallization. ‘The distance between the die 
ori?ce and the surface of the cooling liquid is kept 
small, usually less than about 6 inches and pref 
erably between 0.5 and 1.75 inches, to avoid un-' 
desirable distortion of the soft, substantially 
fused, freshly extruded tube and also to mini 
mize crystallization of the polymer before it en 
ters the cooling bath. Although. the extrusion 
temperature and the temperature of the cooling 
bath depend upon the nature of the polymer. be; 
ing extruded, the extrusion. is preferably carried 
out at a temperature between about 120° and 190° 
C., and the cooling bath, which may be water or 
other liquid inert to the polymer, is usually main 
tained at a temperature between 0? C. “and about 
40° C. and preferably between 0° and 20° C. 
Extrusion temperatures at which decomposition 
of the polymer occurs should be avoided. 
The extruded tube is withdrawn from the die 

orifice downwardly through the cooling bath as 
by a pair of driven pinch rolls i5 immersed in 
the cooling liquid. The two rolls i5 are usually 
both driven, as by way of gears Ill of Fig. 3 to 
prevent slippage on the supercooled tube. Tube 
guides 25, such as a pair of closely spaced sta 
tionary rods. may be provided, if desired, between 
the die ori?ce and the rolls ii. The peripheral 
speed of the rolls 15 may be regulated to control 
the rate of withdrawal of the tube from the 
ori?ce l2. The speed of withdrawal should be at 
least as great as and preferably at least 10 per 
cent greater than the speed of the polymer 
through the die or?ce I2 to avoid undue sagging 
of the semi-?uid plastic as it issues from the die 
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somewhat less than that of the cooling liquid the 
tube is partially collapsed, as illustrated in Fig. l, 
by the outside pressure on it as it passes down 
wardly through the bath, the extent of such c01 
lapse depending upon the head of liquid main 
tained inside the tube. When the speci?c gravity 
of the liquid inside the tube is somewhat greater 
than that of the cooling liquid the tube tends to 
remain distended, as shown in Fig. 2, until it is 
collapsed by the ?rst of the forwarding rolls. 
The cooling liquid may be maintained at a con 
stant level as by a constant level over?ow it in 
the wall of the cooling liquid container 23 or by 
other convenient means. Pinch rolls 15 of Fig. 1, 
or the series of rolls 29 of Fig. 2, serve to prevent 
the carrying of other than traces of the lubricat 
ing liquid I9 out of the cooling zone by the‘moving 
tube. - 

The diameter and wall thickness of the super 
cooled tube depend upon the dimensions of the 
die ori?ce, the head of liquid maintained within 
the tube and thespeed with which the tube is 
drawn from the ori?ce. When, with a particu 
lar ori?ce, the head of liquid l9 inside the tube is 
kept relatively large, the soft, pliable tube of 
semi-?uid plastic is expanded radially imme 
diately after emerging from the die ori?ce into 
a tube of larger size with a corresponding reduc 
tion in thickness of the tube wall. vWhen, on the 
other hand‘, the head is relatively small, 1. e. when 
the level of the liquid inside the tube is main 
tained at or near the level of the cooling liquid, 
the soft extruded tube may tend to shrink some 
what radially and to become smaller in diameter 
than the diameter of the die ori?ce. The wall 
thickness and, to some extent, the diameter of the 
tube may be further controlled readily by regu 
lating the speed with which the tube is with 
drawn from the die ori?ce as by the pinch rolls 
[5 of Fig. 1 or by driven rolls'29 of Fig. 2. The 
faster the tube is withdrawn the thinner will be 
its wall and the greater will be the tendency for 
it to become smaller in diameter. By adjusting 
the rate of withdrawal/of the tube from the die 
ori?ce and the head of the liquid i9 within the 
tube, the diameter and wall thickness of the su 
percooled tube may both be controlled readily and 
simultaneously. It is understood, of course, that 
it is usually advantageous tov employ a die ori 
?ce which will extrude a tube having a diameter 
which approximates the diameter desired and a 
wall somewhat thicker than that desired and then 
to adjust the peripheral speed of the pinch rolls 
I5 or of the series of rolls 29 and the head of the 
liquid H to give the desired diameter and wall 
thickness. Although the wall thickness of the 
tube may be reduced greatly and to substantially 
any desired degree by increasing the peripheral 
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speed of the rolls I 5, the process operates best 
when large changes in diameter of the soft pliable 
extruded tube are avoided, _e. g. when the head of 
liquidwithin the tube does not exceed about 1.25 
inches of water pressure. The head of liquid is 
usually positive in value, although in some in 
stances it may be‘ advantageous to employ a head 
having a small negative .value, 1. e. to maintain 
the level of the liquid [9 inside the tube slightly 
below that of the cooling bath l4. ' 
The operation of the apparatus of Fig. 4 is 

similar to those of Figs. 1-3, except that the su 
percooled tube emerges vertically from bath M, 
and is expanded between guide roll 29 and pinch 
rolls 20, after passing pinch rolls I5, in the man 
ner to be described for the other forms of the 
apparatus. In this modi?cation, the stretching 
zone A-A, to be described later, is immediately 
above the surface of bath I 4. 

It should be pointed out that it is frequently 
desirable to supercool the extruded tube as rap 
idly as possible to prevent substantial crystalli 
zation therein prior to cold-stretching and sub 
sequently to cold-stretch the supercooled tube at 
a somewhat higher temperature than that ‘of the 
cooling bath so that the cold-stretching opera 
tion may proceed more readily. In such cases the 
temperature of the bath i4 may be maintained, 
for example, at from 0° to 20° C., and the super 
cooled tube then warmed in any convenient man 
ner, as by conducting it through a separate warm 
ing zone maintained at a higher temperature of 
from 20° to 50° C. prior to ‘cold-stretching. Such 
a warming zone is illustrated in Fig. 2 wherein 
the supercooled tube 3! is drawn by pinch rolls 
l6 over guide rolls 32 through a warming bath 30. 
The supercooled and ?attened tube is fed 

through the nips of two pairs of pinch rolls l6 
and 20. (In Fig. 4, these are rolls l5 and 20.) 
Rolls I6 and 20 may be driven in any conven 
ient manner as by a driving wheel 21 and chains 
22, and the two ‘pairs are stationed a distance 
from one another at least 5 times the diameter of 
the supercooled tube (in Fig. 2, this distance is 
illustrated as about 25 times the supercooled tube 
diameter). A variable speed drive 36 may be 
provided to enable adjustments to be made in the 
relative peripheral speeds of the rolls l6 and 20. 
Each pair of rolls pinches the tube passing there- . 
through ?rmly together and produces a substan 
tially gas-tight seal. A quantity of air, or other 
gas in'ert to the polymer, is introduced into the 
section of the tube lying between the pinch rolls 
l6 and 20 in amount su?icient to cold-stretch the 
tube wall and thus to distend the tube with the 
formation therein of a bubble having a diameter 
larger than that of the supercooled tube. The 
amount of gas is such that the introduction of ad 
ditional quantities of gas results in the length 
ening of the bubble without substantially increas— 
ing its diameter. 
Generally speaking, cold-stretching of a nor 

mally crystalline vinylidene chloride polymer, 
e. g. in sheet or ?lament form, may be carried 
on up to a certain point, which point is substan- ' 
tially a function of the particular polymer or 
composition thereof involved, with only a gradual 
increase in the force over that necessary to ini 
tiate the cold-stretching. Further stretching of 
the polymer requires a large and rapid increase 
in the force applied and soon results in rupture 
of the sheet or ?lament. Thus, in the present 
instance, the tube after it emerges from the ?rst 
set of pinch rolls l6 and before it passes be‘ 
tween the second set of pinch rolls 20 is dis 
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6 . 
tended, due to the gas enclosed in it, i. e. it is 
cold-stretched both radially and longitudinally, 
while traversing a relatively short region A-A, 
between and removed from rolls l6 and 20. Such 
simultaneous longitudinal and radial cold 
stretching of the tubeleads to a planar orienta 
tion of the crystallites within the tube wall, thus 
increasing its strength not only longitudinally 
but transversely as well. The location with re 
spect to the rolls l6 and 20 of the regionwhere 
in the cold-stretching occurs depends largely 
upon the amount of gas enclosed within the sec 
tion of the tube between the rolls. Thus, when 
the amountoi’ gas is relatively small, the region 
of distention or cold-stretching lies near the last 
set of rolls 20. When the amount of enclosed 
gas is increased the region of cold-stretching 
moves near the ?rst set of rolls IS, the diameter 
of the cold-stretched portion of the tube re 
maining substantially constant regardless of the 
region in which- the cold-stretching occurs. 
When, as mentioned above, the amount of gas 
enclosed in the section of the tube between the 
rolls i6 and 20 is such that "the addition of an 
additional quantity of gas results in the length 
ening of the bubble without substantial further 
increase in its diameter, the region of cold 
stretching is maintained far enough away from 
each of the pairs Of pinch rolls i6 and 20 so that 
the symmetrical cold-stretching of the tube is 
not interfered with by actual contact of the rolls 
with the tube within the region of cold-stretch 
ing. 
Although a small distension of the tube may 

occur between the ?rst rolls "5 and the region of 
cold-stretching, the ratio of the diameter of the 
cold-stretched portionof the tube to that of the 
supercooled but unstretched portion is substan 
tially constant for any particular wall thickness 
of the supercooled tube and for any particular 
normally crystalline vinylidene chloride poly 
mer, and it is thus apparent that for any par 
ticular die ori?ce the diameter of the ?nal cold 
stretched tube is dependent in large measure 
upon the head of liquid l9 maintained in the hot 
extruded tube before it is chilled and upon the 
speed with which the tube is drawn from the die 
ori?ce l2. The pressure of the gas enclosed 
within the tube between the rolls l6 and 20 is 
automatically determined by the diameter and 
wall thickness of the supercooled tube and by the 
properties of the particular polymer involved, but 
is usually of the order of from a few ounces to a 
few pounds per square inch. The cold-stretch 
ing operation is usually carried out at a tempera 
ture of from 10° to 50° C. and preferably at from 
20° to 40° 1C. it being, understood that, although 
considerable rise in temperature of the tube wall 
may occur during stretching, these temperatures 
refer to the temperature of the tube as it enters 
the cold-stretching zone. 

Rolls l5 of Fig. 1, or the series of rolls 29 of 
Fig. 2,'and rolls [6 are operated at substantially 
the same peripheral speed although, if desired, 
rolls !6 may be operated at a slightly higher pe 
ripheral speed than rolls l5 or 29 to insure there 
being no slack in the supercooled‘ tube. Rolls [5 
or 29 may, if desired, be driven from rolls It as 
by a chain 28. To take up the slack in the tube 
due ‘to the longitudinal stretching which occurs 
between the pinch rolls l6 and 20, and. if de— 
sired, to increase somewhat the degree of lon 
gitudinal cold-‘stretching of the tube, the last 
pair of rolls 20 are run at a peripheral speed 
greater, usually from 2 to 4_ times as great, than 
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that of the ?rst pair of pinch rolls l0, depending 
upon the amount of additional longitudinal cold 
stretching desired. 
As indicated previously, the degree of longi 

tudinal stretching may be controlled somewhat 
by proper adjustment of the peripheral speed of 

‘ the last pair of pinch rolls 20 with respectto that 
of vthe ?rst pair [5. Generally a given length 
of the supercooled tube will be stretched to from 
2 to 3.25 times its length during the cold-stretch 
ing operation and occasionally up to 4 times its 
length depending upon the particular polymer in 
volved and other factors. The wall of the tube 
is usually stretched in a direction transverse to 
the longitudinal axis of the tube to from 3 to 5 
times its original dimension as measured on the 
supercooled tube. This may be stated di?'erently 
by saying that, as a rule, a section of the wall 
of the supercooled tube 1 inch square will, after 
passing through the cold-stretching zone A-A, 
be in the form of a rectangle measuring from 2 
to 3.25 inches or more in the longitudinal direc 
tion of the tube and from 3 to 5 inches in a direc 
tion transverse thereto. Very little stretching 
of the tube wall occurs in either direction after 
it has passed the region of cold-stretching. Al 
though a large increase in the tensile strength of 
the tube wall occurs due to the orientation which 
is caused by the cold-stretching, the tensile 
strength of the multi-directionally stretched ?lm 
is usually less in the longitudinal direction than 
in the direction transverse thereto. This follows 
from the greater stretching in the transverse 
direction. Although the tensile strength of the 
cold-stretched tube wall depends, among other 
factors, upon the particular polymer or'copolymer 
involved, ?lms are readily prepared by slitting 
tubes after cold-stretching by the herein-de 
scribed method which have a tensile strength in 
thedirection parallel to the longitudinal axis of 
the tube of from 6,000 to 7,000 pounds per square 
inch and of from 8,000 to 10.000 pounds per square 
inch in the transverse direction. 

The‘ ?attened, multi-directionally stretched 
tube obtained by the process may be used or 
treated in any desired manner. Thus, it may be 
passed over a series of smoothing rolls 2B of Fig.2 
and collected on a drum 2'! for storage,_or it 
may be cut into lengths and one end of each 
length sealed to make a bag. Alternatively, the 
tube may be slit lengthwise, as by a knife 33 
of Fig. 1, and unfolded to produce a ?lm char 
acterized by its high strength in both longitudi 
nal and transverse directions. 
ting operation is illustrated more clearly in Fig. 3, 
wherein the ?attened fully oriented tube 34, after 
issuing from between the rolls 20, is slit longi 
tudinally by the knife 33, and unfolded to pro~ 
duce a ?lm'35. Multiple slitting means may of 
course, be employed to produce multiple continu 
ous ?lms, or the folded edges of the ?attened 
tube may simply be trimmed off to leave two 
?at ?lms of substantially the width of the flat~ 
tened tube. 
In operating the process, the cooling bath is 

regulated at a predetermined temperature and 
the extruder is started. The extruded tube is 
fed between the tube guides 25 and through the 
rotating rolls l5, of Fig. 1, or the series of rolls 
29 of Fig. 2, then, if desired, over the guide rolls 
in the warming bath 30, and ?nally through 
pinch rolls l6 and 20. A quantity of a liquid 
lubricant is introduced into the tube through 
the inlet IT in the die head. Air or other inert 
gas is then introduced into the section of tube 

This latter slit-1 
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8 
between the rolls l8 and 20, one convenient way 
being by means of a hollow needle. The wall of 
the supercooled section is punctured with the ' 
needle and gas is injected into the tube through 
the needle. The needle is withdrawn when sum-7 
cient gas has been injected to cause the region 
A-A of cold-stretching of the tube to lie at a 
point su?iciently removed from the rolls l8 and 
20 to eliminate any possibility of the tube with 
in the region being deformed by the rollers. The 
hole left in the tube wall by the needle may be 
closed by the ?nger until just before it passes 
between the rolls 20 and the loss of gas from 
inside the tube thus limited to a small amount. 
Further quantities of inert gas may be injected 
into the tube at any time by the same method 
and without arresting the process. The speed 
'of the rolls lb or 29, I8 and 20 and the amount 
of liquid lubricant l9 are then regulated until 
the ?attened cold-stretched tube issuing from 
the last pair of pinch rolls 20 has the desired 
diameter and wall thickness. The level of the 
liquid lubricant 10 in the tube l3, may, if de 
sired, be lowered by inserting a tube of small 
bore through the inlet l1 and withdrawing the 
liquid by suction. If desired, the liquid lubricant 
may be cooled, e. g. it may be continuously with 
drawn and replaced with cooler liquid to chill 
the extruded tube wall from its inner as well 
as its outer surface and hasten its supercooling. 
In a typical example or the process of the in 

vention a copolymer prepared by polymerizing 
a mixture containing 85 per cent vinylidene chlo 
ride and 15 per cent vinyl chloride, and com 
pounded with ‘7 per cent or its weight of di 
(alpha-phenylethyl) ether as a plasticizer, was 
extruded at a temperature of 170° to 173° 0. 
through a circular die ori?ce having an outside 
diameter of 2.50 inches and an internal diame 
ter of 2.38 inches. The tube, while still hot, was 
conducted into a bath of water maintained at 
from 2° to 7° C. in order to supercool the copoly 
mer. A quantity of high boiling petroleum oil 
having a speci?c gravity of about 0.870 at 20° C. 
was maintained inside the tube so that its sur 
face was from 5/2 to 1 inch above that of the cold 
water bath. The copolymer was extruded at 
a rate of 75 pounds per hour. The supercooled 
tube was passed between a ?rst pair of pinch rolls 
rotating at a peripheral speed of from 9 to 10 
feet per minute and subsequently between a sec- - 
and pair of pinch rolls rotating at a peripheral 
speed of ‘from 23 to 26 feet per minute. Com 
pressed air was introduced, by means of a hol 
low needle, into the section of the tube lying be 
tween the ?rst and second set of pinch rolls until 
a portion of the section was distended with the 
formation of a bubble of diameter larger than 
the diameter of the supercooled tube and the 
introduction of further air resulted only in the 
elongation of the distended bubble and not in 
any further substantial increase in its‘ diameter. 
It was found that the pressure of the air within 
the tube was between 1 and 1.5 pounds per square 
inch. The multi-directionally stretched and 
?attened tube which issued from between the 
second pair of pinch rolls was passed under con 
siderable tension over a series of smoothing rolls 
and eventually wound on a drum for storage. 
The supercooled tube, after passing through the 
first set of pinch rolls, had a diameter of 2.37 
inches and a wall thickness of about 0.025 inch. 
After cold-stretching, the tube had a diameter 
of about 12 inches and a wall thickness of be 
tween 0.002 and 0.0025 inch. A section of the 
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cold-stretched tube was slit longitudinally, un 
folded, and smoothed to form a ?lm having a 
width of over 37 inches. 
In a similar operation, a somewhat softer but 

still crystalline copolymer consisting of about 
75 per cent vinylidene chloride and 25 per cent 
vinyl chloride, plasticized with 7 per cent of its 
weight of di-(alpha-phenyl ethyl) ether to form 
a composition having a fusion point of about 
143° C., was extruded as a 2.5 inch tube into a; 
water bath held at 30° C., to effect supercooling. 
The extruded tube was ?lled with oil, as ‘before, 
and was passed through pinch rolls l5. of the 
apparatus of Fig. 4, thence around guide roll 29, 
and‘ was removed vertically from the bath and 
drawn through second pinch rolls 20. The tube 
was in?ated as before, and the cold stretching 
zone A—A was positioned just above the surface ‘ 

downwardly from the die ori?ce through a cool 
ing bath, the surface of which is less than about 
6 inches below the orifice and the temperature 
of which is maintained between 0“ and about 
20° C. to supercool the tube, at a speed greater 
than the speed of the polymer through the die 
ori?ce, while maintaining a predetermined head 
of a lubricating liquid within. the tube, thereby 
to regulate the diameter and the wall thickness 
ofthe tube and to lubricate its inner surface; 
warming the supercooled tube to a temperature 
between 20° and 50° 0.; passing the warmed tube 
successively between a ?rst and a second pair of 
driven pinch rolls stationed a distance from one 
another at least 5 times the diameter of the 

' supercooled tube; maintaining a gas in the sec 

of the cooling bath. Rolls 20 were driven at a > ' 
rate about 3.5 times that of rolls l5, producing 
a 2.5-fold longitudinal stretch, and the radial 
distention, of the tube was found to be about 
4 times the radius of the original extruded tube. 
The fully stretched tube was highly crystalline, 
and had the characteristic strength. of oriented 
crystalline vinylidene chloride copolymers, ex 
hibiting values of about 7,000 pounds per square 
inch in the longitudinal direction and about 8,500 
pounds per square inch in the transverse direc 
tion. ' 

I claim: 
1. The method which includes continuously 

extruding a tube of fused normally crystalline 
vinylidene chloride polymer at a temperature 
between 120° and 190° C.; withdrawing the tube 
downwardly from the die ori?ce through a cool 
ing bath, the surface of which is less than about 
6 inches below the ori?ce and the temperature 
of which is maintained at a constant value be 
tween 0° and about 40° C. to supercool the tube, 
at a speed greater than the speed of the polymer 
through the die ori?ce, while maintaining a pre 
determined head of a lubricating liquid within 
the tube to regulate the diameter and wall thick 
ness of the super-cooled tube and to lubricate its 
inner surface; ?attening the tube and advancing 
it through the nips of a ?rst and a second pair of 
pinch rolls, which pairs are stationed a distance 
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from one another at‘ least 5 times the diameter - 
of the supercooled tube; introducing and main 
taining a gas in the section of tube between said 
pairs of rolls in amount more than sufficient to 
?ll the tube to its supercooled diameter and 
su?‘icient to establish a positive internal pres 
sure and to distend the tube a portion of the dis 
tance from the second said rolls back toward the 
?rst said rolls, to from 3 to 5 times the diameter 
of the supercooled tube, but insu?icient to dis 
‘tend the tube to such enlarged diameter the 
entire distance between said pairs of rolls, thereby 
cold-stretching the tube in a zone intermediate 
between and removed from the two sets of rolls, 
the amount of gas employed being so limited 
that introduction of an additional quantity there 
of results in lengthening of the enlarged bubble 
and displacement of the cold-stretching zone to 
ward the ?rstpair of rolls, without material in 
crease in the diameter of the enlarged bubble; 
and driving the second pair of pinch rolls at a 
peripheral speed of from 2 to 4 times that of the 
?rst pair of pinch rolls. 

2. The method which includes continuously 
extruding a tube of fused normally crystalline 
vinylidene chloride polymer at a temperature 
between 120° and 190° C.; withdrawing the tube 
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tion of tube between said pair of rolls in amount 
sufficient to cold-stretch the tube, in a zone inter 
mediate between and removed from the two sets 
of rolls, with the formation therein of an 
elongated bubble having a diameter from 3 to 5 
times that of the supercooled tube, the amount 
of gas being such that the introduction of an 
additional quantity of gas results in the lengthen 

, ing of the bubble without substantial further 
increase in its diameter; and driving the second 
pair of said rolls at a peripheral speed of from 
2 to 4 times that of the ?rst pair of said rolls. 

3. The method which includes: continuously. 
extruding a tube of fused normally crystalline 
vinylidene chloride polymer at a temperature 
between 120° and 190° C.; withdrawing the tube 
downwardly from the die ori?ce through a cool 
ing bath, the surface of which is from 0.5 to 1.75 
inches below the ori?ce and the‘ temperature of 
which is maintained at between 0° and 20° C. to 
.supercool the tube, at'a speed greater than the 
speed of the polymer through the die ori?ce, 
while maintaining a predetermined head of a 
lubricating liquid within the tube to regulate the 
diameter and wall thickness of the tube and to 
lubricate its inner surface; passing the super 
cooled tube through a warming bath maintained 
at a temperature between 20° and- 50° 0.; passing 
the warmed tube successively between a ?rst and 
a second pair of driven pinch rolls stationed a 
distance from one another at least 5 times the 
diameter of the supercooled tube; maintaining 
a gas in the section of tube between said pairs 
of rolls in amount sufficient to cold-stretch the 
tube, in a zone intermediate between and removed 
from the two sets of rolls, with the formation 
therein of an elongated bubble having a diameter 
from 3 to 5 times larger than that of the super 
cooled tube, the ‘amount of gas being such that 
the introduction of an additional quantity of gas 
results in the lengthening of the bubble without 
substantial further increase in its diameter; and 
driving the second pair of said rolls at a peripheral 
speed of from 2 to 4 times that of the first pair 
of said rolls. 

WILBUR T. STEPHENSON. 
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